Background: Cardiovascular diseases (CVD) are major causes of death in Japan, and controlling the risk factors for CVD is an important public health task. Lifestyle factors, for example, diet and stress, have impacts on risk factors such as hypertension and hyperlipidemia. Deterioration of mental health is related to CVD pathogenesis. Aim: We investigated the relationships between levels of mental health, 4-year changes in lifestyle, and CVD risk factors among Japanese workers, using the SF-36 (Japanese version), which is a comprehensive scale measuring health-related quality of life. We hypothesized that workers' mental health levels would influ- 
INTRODUCTION
Cardiovascular diseases (CVD), including cerebrovascular diseases and coronary artery disease, are major causes of death in Japan [1, 2] , and controlling the risk factors for CVD is an important task for public health. Lifestyle, including diet, exercise, smoking, and alcohol consumption, is related to the formation of risk factors for diseases such as hypertension and hyperlipidemia, which are relevant to the pathogenesis of CVD. Therefore, improvements in lifestyle are important in preventing CVD [3] [4] [5] [6] [7] [8] . Furthermore, a relationship between the pathogenesis of CVD and stress has been reported [9] [10] [11] [12] .
Recently, in Japan, the environment for workers has significantly changed because of stagnated economic growth, the increasing mobility of the workforce, highly networked information, globalization, etc. Such changes result in an increasing number of workers who suffer from stress and mental health problems, and deterioration of mental health has become a significant social problem [13, 14] . There are various reports on the relationship between mental health and the pathogenesis of CVD in Europe and the United States [15, 16] . However, in Japan, very few prospective studies have investigated how mental health affects the pathogenesis and risk factors of CVD or behavior modifications such as smoking, exercise, and diet.
Against this background, this study aims to investigate the relationships between mental health levels, 4-year changes in lifestyle, and CVD risk factors among Japanese workers. In this study, we used the Japanese version of the SF-36, which is a comprehensive scale that measures health-related quality of life (HR-QOL) and can also describe mental health [17, 18] . We hypothesized that workers' mental health levels would influence 4-year changes in their lifestyles and CVD risk factors.
We analyzed baseline data from the high-risk and population strategy for occupational health promotion (HIPOP-OHP) study. In brief, HIPOP-OHP was an interventional survey to establish a methodology for reducing cardiovascular disease (CVD) risk factors in the workplace. This study population consisted of full-time workers at 12 large-scale companies (mostly, manufactures of electric appliances) throughout Japan. Each company had 500 -1000 employees. Researchers followed the data of CVD risk factors, lifestyle and consciousness about health based on nutrition, physical activity and smoking for four years. This study was performed as part of the management of safety and health with the approval of the Safety Hygiene Committee at each company. Accordingly, all employees were enrolled in this study. However, participation was voluntary, and we explained there was no need for participants to answer the required questionnaire if they did not want to. During 1999-2000, baseline data were collected from 7346 male and female workers aged from 19 to 69 years old.
METHODS

Study Population
In this study, the data from the "High-risk and Population Strategy for Occupational Health Promotion" (HI-POP-OHP) study were used. This was a 4-year intervention study of a large number of workers in different occupational fields. Our study subjects were 4238 workers (3331 males and 905 females) who had regular medical examinations conducted by their employers and answered questionnaires both at baseline (1999 or 2000) and 4 years later (2003 or 2004) .
Detailed information on the HIPOP-OHP study has been provided in several other studies [19] [20] [21] . Briefly, the HIPOP-OHP study was conducted using both population-and high-risk strategies to establish preventive measures to improve CVD risk factors. It was a 4-year intervention study conducted among subjects from 12 workplaces throughout Japan. Among the 12 workplaces, 6 sites (Companies A-F) were allocated to the intervenetion group, and the other 6 (Companies G-L) were allocated to the control group. In the intervention group, individual lifestyle modifications were performed as a high-risk strategy for subjects with positive findings of hypertension, hypercholesterolemia, diabetes, or smoking. Concurrently, environmental improvements were performed on the basis of population strategies (such as improvements to company cafeterias, promotional campaigns to increase physical activity, and inspection of designated smoking areas). In the control group, only teaching materials regarding individual lifestyle modifications were provided. The sites in the intervention group include the headquarters of a life insurance company (Company A) located in Tokyo (eastern Japan) and factories of electrical product manufacturers (Companies B, C, E, and F). Company C is located in eastern Japan (the Kanto region), and the remaining 3 are located in western Japan (the Kinki and Hokuriku regions). Company D is a factory of a chemical company located in western Japan. The sites in the control group include a factory of a chemical company located in Tokyo (Company H) and four electrical product manufacturers (Companies G, K, I, and J). Companies G and K are located in eastern Japan (the Kanto region), and Companies I and J are located in western Japan (the Kinki and Hokuriku regions). Company L is a laboratory of an electrical product manufacturer in Osaka (western Japan). Company A merged with another company in 2002, and the study could not be conducted in 2004. Therefore, in our study, the data from the remaining 11 companies were analyzed.
Data Collection and Standardization
Data were collected at each company in a standardized way [20] . Height and weight were measured during the regular medical examinations, and Body Mass Index (BMI) was calculated using the formula, "BMI = weight (kg)/(height [ [22] . Information on awareness regarding diet, exercise, and smoking was collected using a self-administered questionnaire that was filled out by each subject at the time of regular medical examinations.
Information on mental health levels was collected using the "Mental Health" section of the SF-36 Health Survey (SF-36-MH), which serves as an index of HRQOL and was filled out by the subjects at baseline. HRQOL is used for medical evaluation of a concept defined as QOL limited to the measurement of aspects of individual health. SF-36 was first developed in the United States. It has been translated into more than 50 different languages and is widely used worldwide. In the preparation of each language version of the SF-36, sufficient consideration was applied to topics ranging from the construction of the concepts to psychometric assay [17, 18, [23] [24] [25] [26] . SF-36-MH was used as the index of health-related QOL in the HIPOP-OHP study as well. [23] [24] [25] [26] .
Participants whose mental health levels had been measured using SF-36-MH at baseline were subject to a 4-year follow-up investigation. A longitudinal analysis of the relationships between baseline mental health levels, lifestyle changes, and cardiovascular risk factors was performed.
Mental health levels at baseline were measured by scoring the answers to the following 5 items of SF-36-MH, and total scores were then obtained for each subject: 1) Have you been very nervous? 2) Have you been very depressed and felt nothing could cheer you up?
3) Have you felt calm and peaceful? 4) Have you felt downhearted and blue? 5) Have you been happy? The subjects were divided into 2 groups on the basis of their total scores, with the median (65) serving as a boundary between groups. The subjects with total scores of 65 or higher were allocated to the "Good Mental Health Group," and those with total scores of less than 65 were allocated to the "Poor Mental Health Group."
Awareness of nutrition was evaluated on the basis of the answer to a yes-or-no question, "Do you think there is any relationship between diet and health for you?" in the self-administered questionnaire. The subjects were divided into 2 groups depending on their answers. Behavior modification in terms of diet was evaluated on the basis of the answer to a yes-or-no question, "Have you become more careful about diet for the sake of your health in the past 1 year?" The subjects were divided into 2 groups depending on their answers. Awareness and behavior regarding diet were analyzed by comparing the results obtained at baseline with those obtained 4 years later.
In terms of smoking, the subjects were divided into the "Non-smoker" (never-smokers and ex-smokers), and "Smoker" (current smokers) Groups. Subjects' exercise states were evaluated on the basis of their answers to a yes-no question, "Are you exercising in your daily life as much as possible?" subjects were divided into 2 groups according to their answers. These aspects were analyzed by comparing the results obtained at baseline with those obtained 4 years later.
The definitions of CVD risk factors are shown in Table 1. To define obesity, we followed the BMI criteria established by Yusuf et al. [27] . The levels of normal and abnormal blood pressure were defined using the WHO guideline [28] . The criteria for normal and abnormal values of HDL and T-Cho were adopted from the definitions established by the National Cholesterol Education Program Expert Panel [29] .
Approval for the study was obtained from the Institutional Review Board of Shiga University of Medical Science for ethical issues (No. 10-16).
Statistical Analysis
The SAS version 9.13 software package (SAS Institute, Inc.) was used for statistical analysis. 1) Sex; age; presence or absence of individuals living together; regularity of bedtime; indication of the risk of myocardial infarction, angina pectoris, cerebral stroke, hypertension, hypercholesterolemia, or diabetes; presence of intervention; relationship between one's health and diet; smoking habit; exercise; BMI; blood pressure; and total cholesterol level were compared between the good mental health and poor mental health groups at baseline using a chi-square test.
2) The odds ratios for the changes in lifestyle behavior modification in the good mental health group were calculated and compared with those in the poor mental health group. In addition, multiple logistic regression analysis was performed using lifestyle modification or change in the test values as dependent variables and mental health level, age, presence or absence of individuals living together, regularity of bedtime, and presence of intervention (the intervention group vs. the control group) as independent variables. In the analysis of lifestyle modification, indication of the risk of myocardial infarction, angina pectoris, cerebral stroke, hypertension, hypercholesterolemia, or diabetes was also included as an independent variable.
3) The odds ratios for changes in CVD risk factors in the good mental health group were calculated and compared with those in the poor mental health group. In addition, multiple logistic regression analysis was performed using lifestyle modification or change in the test values as dependent variables and mental health level, age, presence or absence of individuals living together, regularity of bedtime, and presence of intervention (the intervention group vs. the control group) as independent variables.
RESULTS
The characteristics of each group (categorized by mental health levels at baseline) are summarized in Table 1. The Good Mental Health Group consisted of 2419 subjects (57.1%), and the Poor Mental Health Group consisted of 1819 (42.9%) subjects at baseline. Male subjects accounted for approximately 80% of both groups. Subjects in their 30s were the most common in terms of age, and about 90% of subjects in both groups were living with someone else. The bedtimes of approximately 60% of subjects were "nearly regular." About 40% of subjects indicated the possibility of having at least one of the following diseases prior to baseline measurements: myocardial infarction, angina pectoris, cerebral stroke, hypertension, hypercholesterolemia, or diabetes. Furthermore, no significant difference was observed between the 2 groups in terms of presence of intervention, smoking, exercise, BMI, blood pressure, or cholesterol at baseline.
The results of the analysis of 4-year changes in behavior modification in terms of diet and exercise, awareness about nutrition, and smoking are shown in Table 2 . Multiple logistic regression analysis was performed after adjusting for age, sex, existence of housemate(s), regularity of bedtime, indication of possibility of myocardial infarction, angina pectoris, cerebral stroke, hypertension, hypercholesterolemia, diabetes, and presence of intervention at baseline; then, the ratios of subjects who were regarded as "improved" or "maintained" was compared between the Good-and Poor Mental Health Groups. The odds ratios were 1.14 (95% CI: 1.01 -1.30) for behavior modification in terms of exercise, 1.08 (95% CI: 0.88 -1.31) for behavior modification in terms of diet, 1.16 (95% CI: 1.02 -1.32) for awareness about nutrition, and 1.09 (95% CI: 0.90 -1.32) for behavior modification in terms of smoking.
The relationships between changes in CVD risk factors and mental health levels at baseline are shown in Table 3 . Multiple logistic regression analysis was performed, and odds ratios were calculated in the same manner as above. The odds ratios were 1.20 (95% CI: 1.03 -1.39) for BMI, 1.20 (95% CI: 1.01 -1.43) for blood pressure, 1.07 (95% CI: 0.86 -1.33) for total cholesterol, and 1.26 (95% CI: 1.07 -1.47) for HDL cholesterol.
DISCUSSION
The results of our study indicated that Japanese workers with good mental health tended to improve their conditions or maintained good conditions in terms of lifestyle and CVD risk factors. On the other hand, those with poor mental health tended to have difficulty in improving their lifestyles and had high risks of CVD.
Existing mental healthcare mainly focuses on early detection and treatment of mental disorders and providing support for patients to return to work. In recent years, stress factors have been found to be closely related to Table 2 . Four-year changes in awareness and behavior modification in the groups with good and poor mental health HIPOP-OHP study. Exercise modification: subjects who had been consciously exercising for 4 years since baseline or who started to consciously exercise during those 4 years. Diet modification: subjects who had been careful about their diets for 4 years since baseline or who became careful during those 4 years. Health and diet: subjects who had been aware of the relationship between health and diet for 4 years since baseline or who became aware of the relationship during those 4 years. Smoking: The subjects who had been non-smokers for 4 years since baseline or who quit smoking during those 4 years; ** Exercise modification: subjects who had not been consciously exercising for 4 years since baseline or who stopped consciously exercising during those 4 years. Diet modification: subjects who had not been careful about their diet for 4 years since baseline or who ceased being careful about their diet during those 4 years. Health and diet: subjects who had not been aware of the relationship between health and diet for 4 years since baseline or who ceased to be aware of this relationship during those 4 years. Smoking: subjects who had been smokers for 4 years since baseline or who started smoking during those 4 years; *** Adjusted according to the factors of Age, Existence of housemate(s), Presence of intervention, Regularity of bedtime, and Indication of possibility of myocardial infarction, angina pectoris, cerebral stroke, hypertension, hypercholesterolemia, or diabetes at baseline increasing incidence of psychosomatic disorders. Stress management, therefore, is becoming important for the prevention of lifestyle-related diseases and as a measure taken against mental disorders [30] [31] [32] [33] . However, there is a strong relationship between mental health and physical health, and it is not practical to take measures without integration of this idea. It has been reported in Japan that subjective stress and the state of depression are related to the pathogenesis of CVD [34, 35] . Iso et al. report that the mortality rate from stroke and coronary artery diseases tends to be higher in women who have severe subjective stress [36] . However, this report is based on questionnaires and not actual medical measurements of CVD risk factors. The relationship between mental health and CVD risk factors has rarely been investigated by longitudinal research methods, and therefore, our study can be considered to provide valuable scientific evidence of the relationship between stress and CVD.
This study used SF-36-MH as an index to evaluate mental health levels. It consists of a total of 5 questions and can be answered by a subject without taking much time and energy. In Japanese workplaces, questionnaires are used to evaluate mental health levels in various situations, and the scale for depression is often employed. On the other hand, SF-36-MH can quantitatively evaluate mental health as well as depression. Such quantitative evaluation is easy for subjects to understand and is advantageous as a tool for measuring mental health at regular medical examinations.
Workers' mental health at workplaces was thought to be influenced by complicated factors and also to deteriorate thorough diverse processes. Our results clarified that subjects with deteriorated mental health were also those ith a high risk of lifestyle-related diseases (e.g., obesity, w hypertension, and dyslipidemia) and indicated that consideration of mental health was necessary for the prevention of lifestyle-related diseases. Concretely, the risks of lifestyle-related diseases need to be evaluated at regular health checkups by measuring both disease factors and mental health levels using scales such as the SF-36. In addition, in order to support subjects in changing lifestyles, it might be necessary to provide health support combined with mental healthcare. This study had several limitations. Firstly, the mental health levels measured at baseline might not necessarily remain the same for 4 years. However, from the viewpoint of the effectiveness of a screening survey, our study evaluated the predictive capability of mental health levels and might be of great significance. Secondly, mental health levels were categorized as "Good" or "Poor" on the basis of the median of the study subject group. However, the appropriate values to discriminate good vs. poor mental health levels need to be investigated further in studies with larger populations.
CONCLUSION
This study showed that lifestyle and CVD risk factors could be maintained in satisfactory condition or improved when mental health was better. To prevent lifestyle-related diseases, the risk factors for them need to be evaluated with attention to mental health. In addition, to provide support for lifestyle change, it might be necessary to provide health support combined with mental healthcare. 
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